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BSPR: 

Plating techniques have also been described wherein a metallic conductor 
was plated directly to a non-metallic substrate by immersing the 
substrate in a plating solution and heating the substrate in the region 
where deposition is desired. This heating could be accomplished in any 
number of ways, including exposure to a high intensity light through a 
mask or the use of a laser to selectively irradiate the surface of the 
substrate, causing the metallic plating material to deposit out in the 
irradiated region. 

BSPR: 

None of the cited references describes a means for locally accessing and 
repairing damaged conductors which have been subsequently covered by an 
insulating or passivation layer. Since most defects in semiconductor ICs 
are not discovered until after the IC is manufactured, the repair of 
semiconductor IC runs which are not accessible from the surface is a 
critical need. It would be extremely useful and cost effective to find a 
way of quickly and accurately repairing small breaks in IC conductor 
lines. In addition, it would be advantageous to accomplish such repairs 
without the necessity of a mask step. It would also be advantageous to 
accomplish such repairs by thermo-plating the region between the broken 
lines. It would further be advantageous to accomplish repair of such IC 
conductor lines without the necessity of depositing a conductive layer 
on the surface of the semiconductor substrate prior to thermo-deposition 
of the repair bridge. 

DEPR: 

FIG. 12 illustrates the actual plating of copper bridge 40. This plating 
may be accomplished by the methods previously described with reference 
to FIGS. 1 through 9. Plating may also be accomplished without using 
either the metal base of FIGS. 1 through 4 or the carbonaceous layer of 
FIGS. 5 through 9. In FIG. 12 bridge 4 0 is plated by placing substrate 
30 into a copper sulfate bath, typically 0.1 to 1 molar with a similar 
concentration of sulfuric acid to produce the appropriate pH. Exposing 
substrate 30 to a focused laser such as an argon laser 18, with a power 
density on the order of 100 W/cm.sup.2 to 10 KW/cm.sup.2 in the region 
of discontinuity 9 causes the copper to plate directly to the conductor. 
Power densities on the order of 100 W/cm.sup.2 have been found to be 
effective when laser generated. However, such power densities are not 
limited to lasers and may be generated by other light sources. To bridge 
the circuit gap, the laser is repeatedly scanned between the two exposed 
line-ends 34a and 35a. The copper plates to the line-ends 34a and 35a 
until a bridge 40 is formed in the center of the defect 9. Simultaneous 
etching occurs which maintains charge neutrality at any cold or 
non- irradiated metal region which is in electrical contact with the area 
being bridged. 
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BSPR: 

Recently, the use of laser annealing has been widely studied. In this 
technique, a laser beam is used to raise the temperature of the 
semiconductor and thereby remove defects resulting from the ion 
implantation. Both solid state laser annealing and melting by means of a 
laser have been utilized to remove defects. Selective radiation by means 
of a laser can also be used to form devices in the doped layer. For 
example, a semiconductor body having an initial p-doping may be 
implanted with n-type dopant ions. A laser may be directed at the body 
to melt through the ion- implanted region into the underlying single 
crystal region. Upon resolidif ication of the melt, a p-n junction is 
typically obtained. 

BSPR: 

We have invented a method of obtaining multilayer dopant distributions 
in semiconductor material. In this method, a source of high intensity 
radiation is directed at a semiconductor body to produce brief melting 
at the surface. Included in the melt is both a high K and a low K 
dopant, wherein K is the equilibrium segregation coefficient. The 
difference in segregation of the dopants during freezing of the melt 
produces a junction in the resolidified region. Typical sources of 
radiation include lasers, electron beams, and ion beams. The high K 
dopant is introduced into, or deposited onto, the surface region that is 
to be melted. The low K dopant can also be deposited on, or introduced 
into, the surface region that is to be melted, or can be distributed 
throughout the semiconductor substrate, or a portion thereof. In any 
case, the melting extends into a single crystal region of the 
semiconductor body so that epitaxial regrowth occurs in at least a 
portion of the resolidified region. Typical dopant distributions 
produced include p-n, n-n+, and p-p+ junctions, metal- semiconductor 
junctions, bipolar transistors, MOS and junction field effect 
transistors, etc. An alloy or compound, typically a silicide, may also 
be obtained, most typically in the region having the low K dopant. 

DEPR: 

A p-type silicon wafer as in Example 1 was implanted with arsenic and 
thallium ions at an energy of 30 keV to produce an initial dopant 
distribution as shown in FIG. 15. The wafer was laser melted by 
overlapping laser spots each having a pulse power density of 28 
MW/cm.sup.2, otherwise exactly as in Example 1. The resulting dopant 
distribution was determined by RBS, and is shown in FIG. 15. Mesa 
structures were then etched in the wafer, and the I-V characteristics 
determined. Two rectifying junctions were obtained: one within the 
resolidified region, and one at the interface between the bottom portion 
of the resolidified region and the unmelted single crystal wafer 
material. A structure similar to that shown in FIG. 10 (not to scale) 
was obtained, with the thallium (low K) dopant dominant in region 101, 
arsenic (high K) dopant dominant in region 102, and the bulk dopant of 
the wafer dominant in region 82. 
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Document Number 1 3 

Entry 13 of 13 File: USPT 



Feb 16, 1982 



DOCUMENT- IDENTIFIER : US 4316074 A 

TITLE: Method and apparatus for laser irradiating semiconductor material 



ABPL : 

A laser system is disclosed for facilitating transient surface heating 
and/or melting and regrowth of amorphous, polycrystalline or imperfect 
crystalline semiconductor wafer material. This system also has specific 
application to gettering of impurities and the annealing-out of defects 
within a semiconductor wafer. In the system, a number of circular 
target-wafers are arranged around the periphery of a turntable. The 
turntable rotates while a simple, slow-moving beam-delivery system moves 
radially with respect to the turntable delivering a helical scan which 
may also be in the form of a multiple- track. Use of the turntable with a 
multiple wafer load allows efficient batch-processing. Blocking masks 
may be employed when it is desired to irradiate only selected areas of 
the semiconductor substrates. 

BSPR: 

Recently an alternative technique for ion- implantation annealing has 
been investigated. This technique utilizes high-intensity laser 
radiation to provide surface heating of implanted wafers thereby 
permitting localized annealing in very short time periods; it has been 
termed laser ion implantation annealing. As a result of the extremely 
short irradiation times (typically fractions of a microsecond) , the 
problems of dopant migration, contamination and lifetime reduction may 
be greatly reduced by this technique. 

BSPR: 

If the laser beam diameter is large compared to the thermal depth, 
.delta. ,{ .delta. = [k.tau.] .sup. 1/2, where k is the thermal diffusivity 
and .tau. the pulse width) then the heat flow may be treated as a 
one-dimensional problem. The resulting temperature distribution can be 
obtained using the procedures of Carslaw and Jaeger. H. S. Carslaw and 
J. C. Jaeger "Conduction of Heat in Solids" Oxford University Press, 
1959. ##EQU2## where K is the thermal conductivity. At the surface 
##EQU3## The normalized temperature . THETA . = (KT) /I . sub . o .GAMMA.) is 
plotted in FIG. 7; over a large range of . alpha .. delta . the function can 
be approximated by [1-exp (-. alpha .. delta .)] , so that ##EQU4## For a 
typical value of . alpha .. delta .. about . 1 the temperature is approximately 

0. 61. sub. o .delta. /K. Using values for silicon, the calculated threshold 
to heat the surface to the melting point, T.sub.m, therefore is ##EQU5## 
where . delta .=. sqroot . kt 

= (0 . 075 .times .1.35. times . 10 . sup .-7)1/2. apprxeq. 10 . sup. -4 Since the 
reflectivity is 30%, the required incident power density is 
4 . 3 . times . 10 . sup . 6 watts/cm . sup . 2 and the threshold energy density, 
E.sub.t =(I.sub.o T/(R), is 0.6 J/cm.sup.2 ; this is in close agreement 
with measured values of about 1 J/cm.sup.2. The difference is due to the 
fact that it is necessary to melt to a depth of about 1 micrometer and 
to supply the heat of fusion, as will be calculated next. 

BSPV: 

1. sub.o is the effective surface power density . 
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Document Number 98 

Entry 98 of 111 



File: USPT 



Apr 23, 1985 



DOCUMENT- IDENTIFIER: US 4512197 A 

TITLE: Apparatus for generating a focusable and scannable ultrasonic 
beam for non-destructive examination 



BSPR: 

This invention relates generally to ultrasonic examination of opaque 
materials, and more particularly to small ultrasonic beams which are 
both focusable and scannable so as to be suitable for detecting small 
defects . 



An important application of ultrasonics is examining opaque materials 
and tissue for internal flaws and abnormalities. The examination of 
materials for flaw detection as well as the examination of tissue for 
medical diagnostic purposes are improved by the use of small acoustic 
beams which can be scanned and focused. Such small acoustic beams are 
desirable in order to detect small defects . 

BSPR: 

A major drawback to these methods is that the ultrasonic beam is not 
focusable or scannable, thus small defects are difficult, if not 
impossible to detect . 

DEPR: 

Generation of the ultrasonic waves is based on the fact that when a 
pulse of energy is rapidly delivered onto the surface of certain 
materials in contact with an acoustic medium there is a rapid thermal 
expansion of the surface. This rapid expansion produces a nonequilibrium 
stress distribution which results in a stress wave being propagated 
through the material and transmitted through the acoustic medium. By 
generating laser pulses of sufficiently long duration, for example 
greater than 0.1 .mu.sec, and sufficiently high power density, 
approximately 10. sup. 6 peak watts/cm . sup . 2 , it is possible to generate 
detectable ultrasonic pulses in the megahertz frequency range without 
any substantial material damage. 

DEPR: 

Some of the many advantages and new features of the subject invention 

should now be apparent in view of the foregoing description. For 

example, an ultrasonic beam having a wavelength which is sufficiently 

small to detect small defects and abnormalities in a sample can be 
generated. Moreover, this ultrasonic beam may be quickly and easily 

focused and scanned over the sample without the need for bulky or 
expensive equipment . 



BSPR: 
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Document Number 104 

Entry 104 of 111 File: USPT 



DOCUMENT- IDENTIFIER: US 4246793 A 
TITLE: Nondestructive testing 



A major problem encountered in the steel industry is the inability to 
nondestructively interrogate hot steel billets to detect in ternal defect 
structures before cooling. The present technique can detect defect 
structures in hot steel . 



DEPR: 

Initiation of a blast wave in the gas environment adjacent to the 
material surface is caused by a source of priming electrons. Below the 
laser power density threshold for initiation of a blast wave most of the 
laser radiation incident on the surface is reflected. When the threshold 
power density is reached, the intensity of the electric field associated 
with the laser light radiation is sufficient strong in the vicinity of 
the material surface to generate free electrons in the gas or at the 
material surface due to field emission. The electric fields are enhanced 
near the target surface because of constructive interference between the 
incident and reflected electromagnetic waves. Surface defect enhanced 
fields are expected to lower the laser power density threshold for 
production of free electrons compared to a theoretically perfect 
surface . 



DEPR: 

The first experiments were designed to demonstrate that laser induced 
ultrasonic signals can be propagated and detected through thick steel 
specimens at temperatures ranging from the standard room value to a 
value in excess of the austenizing temperature where nondestructive 
evaluation of steel is desired. The 4 . 5 cm thick cold rolled steel block 
11 was heated and then manually removed to a stand where the laser beam 
14' was directed to one surface 28 of the steel block 11, which was in 
an air environment at normal room conditions. An electromagnetic 
transducer 22 with a 32 turn copper coil 40 and a permanent magnet 41, 
providing a static magnetic field of 1.53 kilogauss, was placed near the 
opposite surface 12 to detect the transmitted ultrasonic signal. A one 
meter focal length germanium lens 31 was used to focus the laser beam 
14 ' down to various spot sizes at the region 13 ' at the metal surface 
28. No detectable signals were observed until the incident laser power 
density exceeded about 2 . times . 10 . sup . 7 W/cm.sup.2. The laser beam 14' 
was subsequently focused down to a spot size at the region 13 1 of 
approximately 0.24 cm. sup. 2 (about 0 . 6 cm diameter) which resulted in a 
laser energy density at the metal surface 28 of about 4 0 J/cm.sup.2 
(1 . 6 . times . 10 . sup . 8 W/cm.sup.2). 

DEPR: 

A set of experiments were performed to demonstrate that a defect can be 
detected in a hot steel block. The temperature was 787 C. The laser beam 
14 was directed to the same surface 12 where the electromagnetic 
transducer 22 was located in order to utilize a pulse echo technique to 
detect the signal reflected from the back surface 28 and the defect 33. 
The germanium lens 21 was adjusted to give a laser energy density of 
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approximately 45 J/cm.sup.2 (1 . 8 . times . 10 . sup . 8 W/cm.sup.2) at the 
region 13 at the steel surface 12. 

DEPR i 

Time discrimination schemes are easily incorporated into the present 
method of detecting defects in high temperature materials. For example, 
consider the case where the laser beam is split into two components 14, 
14' and these components are directed to the two opposite surfaces 12, 
28 of the part being interrogated as shown in FIG. 1. The transducers 
22, 23 will each see three signals, one due to scatter off the defect 
33 '; one due to reflection off the opposite surface 28 or 12; and one due 
to the source of sound transmitted from the other surface. If V . sub . s is 
the speed of sound in the material being interrogated, D is the 
thickness of the body 11, and x is the distance from the surface 12 to 
the defect 33, one transducer will see signals at times ##EQU1## and the 
other will see signals at ##EQU2## 

DEPR: 

Several experiments were conducted later concerning effects of laser 
power density and energy density in generating ultrasonic waves. 

DEPR: 

In the case of the TEA-CO.sub.2 experiments, the laser spot size at the 
region 13 was maintained at about 0.34 square centimeters and the 
intensity was varied by inserting various attenuators (not shown) in the 
beam 14. Several measurements were made. The amplitude of the signal 
reflected off the back surface 28 is given in Table I, below, as a 
function of the incident laser energy density { J/cm . sup . 2) . These 
numbers are converted to laser power density (W/cm.sup.2) by dividing 
the J/cm.sup.2 by the laser pulse width. These numbers also are given in 
the last five lines in Table I. All measurements were made at about 685 
C. 



DEPR: 

These data are plotted as circles in FIG. 7. The important point to be 
noted from these data is that the acoustic signals increase 
significantly with increased energy density, and with increased power 
density at a given pulse width, over the measured ranges. As is seen 
from the earlier examples, the acoustic signals also will rapidly fall 
to approximately a zero value as the laser energy density is decreased. 
This is because almost all of the 10.6 .mu.m CO. sub. 2 laser radiation 
will be reflected from the metal surface when the laser energy density 
is decreased below the threshold for initiation of a blast wave. 



DEPR: 

The amplitude of the detected signal is a function of the laser spot 
size because this parameter determines the size of the ultrasonic 
source. The ultrasonic signal that propagates into the steel is highly 
directional. Therefore, the amount of ultrasonic energy reflected off a 
defect or surface and captured by a detector is a function of the 
diameter of the beam of ultrasound that propagates through the material . 



DEPR: 

Some experiments conducted still later show that the threshold condition 
for initiation of a blast wave is defined most conveniently in terms of 
the laser energy density (J/cm.sup.2) incident on the surface of the 
material being interrogated. This quantity is the product of the laser 
power density and the effective or equivalent duration of the laser 
pulse (FWHM) . At a laser wavelength of 10.6 .mu.m the laser energy 
density required to initiate a blast wave is about 5 J/cm.sup.2. At 1.06 
.mu.m it is about 50 J/cm.sup.2. 

DEPR: 

The shapes of the curves depicting signal amplitude versus laser energy 
density are different at 1.06 .mu.m (FIG. 8) and at 10.6 .mu.m (FIG. 7) 
because the curve at the shorter wavelength is caused by two effects, 
namely laser induced surface vaporization and initiation of a blast 
wave. As one proceeds to longer wavelength, surface vaporization will 
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eventually cease (probably at about 3 to 7 .mu.m) -This is the case for 
the 10.6 .mu.m signals. The laser powder density threshold tor 
initiation of vaporization at 1.06 .mu.m and laser pulse widths between 
111 nanoseconds and 21.6 nanoseconds ranges from about 107 W/cm.sup.2 up 
to about 10. sup. 8 W/cm.sup.2. The laser energy density equivalent to 
this ranqe o f power densities is about 1 J/cm.sup.2 up to a few 
j/cm.su P ;2. On the ot her hand, the threshold laser energy density for 
initiation of the blast wave is about 50 J/cm.sup.2. 
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